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(54) Title: OXYGEN SCAVENGING CONDENSATION COPOLYMERS FOR BOTTLES AND PACKAGING ARTICLES 
(57) Abstract 

Compositions for scavenging oxygen are disclosed These compositions comp^ 
P^yj^^'^g^.cnM .and , an ,oxy gch* scavenging^ amount of polyolefin criigonw segments; T^ 

from typical bottling and packaging polyesters such as PET and PEN. The copolymers arc preferably formed by uanse^^ 
reactive extrusion and typically comprise' abefct 0i5:to^ the ; copd^ 
of absorbing at least 0.4 cc of oxygen per giram of copolymer in the solid state; at. ambient temperatures and ^ ^ 

^filr^,,Jtin^^ 

smifrar m to unmodified polyester bpttiesVlnVs^ bottles febricated with the ^ oxygen scaveiSgmg 

copolycohdensates of this invention are over 99.4 wt.% polyester and suitable for recycle with other polyester bottles. 
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.*,r..e ^sto to <,:-c;.> * ekwyc AND^AGI^GING ARTICLES 

^HttWQZf '■ ' - ^ v FIPi n Og THg lNVgNTlOW 

fct*s*;&r*^ and beverage 

•••c oafistss woiq pirod^: ^ll^ iri^ of the so-called 

:$!3&*w&> ■ i • 1 1 ac^e ox^ oxygen scavengers of this invention 

• to>tos to *$r,Srt are condensation c6poTymr0^bi^^ 

10 packaging. These compositions have an ability to consume, deplete or reduce 
the amount of oxygen in or from a given environment in the solid state at 
ambient temperatures. Formulations are disclosed which may be fabricated 



.bag- tottito d^-mm ^Plastic materials have continued to, make significant advancements into 
• v r. to; . . ? ; their, material and their 

■mm-pm m.MMP be fabricated m various si^ and shapes commonly used in me ' 

■ -smim im^ ^■$-B& c ^®9i<Wusto.vi« Pto^epkpn^i: of, ptestic : materi^lsv: into; f?l»ns. trays, 

. " am ssiul I-'--.-.; ^&0%&$m% b^, c^ the 

" \ *:} atmospheric gases (primarily oxygen) are . necessary to, /assure adequate 

product shelf life. When compared to traditional packaging materials such as 

•' . fi-Sjg^u ff^J t .>«HS^ ~*- £ ^j-<c-.'Tr>' * • ..- , » - « • j» < • -••» - 

. ... ' ? ' - 4 : 25 glass and .steel, .plastics ofter inferior barn>r oropei^ 

acceptability for use in packaging items that are sensitive to atmospheric gases, 
to particuiariy when the exposure to the atmospheric gases will entail extended 



30 of plastics and at the same time have the barrier properties of glass ana sieei. 

w«fi©^ r^^.?^: ' nl^fiP-^iPSbil"*^ h|^de^ek^:techn^^ the barrier 



m m*sm&if®§m layers 4» ^ji^ ^^^j^^t^in^ offer improved 
banie^^o^^ ^kba^i^ bWnot comparable to, those of glass and steel 
while sacrificing many of the recycling benefits associated with single layer 
container ^ terephthalate (PET) and polyethylene 

^Urxi'.^.l^ft tfBt^l^iSP^ on the mixtures of 

szm^&i fcr-a ^!W re ';9^ of the layered 

■=« - •» v ^n^f?PT ^ °?f A;?^ proper balance of 

5 .m as!* -i D HPweyer t;; these, are cpmmpn concerns ,amqng :h a .wide range of plastic 

m^m^a ®?Pi^e:P^pkagingi^es-:;. ij? <_.-„,. ^ m-^ij.^ xw; . .^•^ji-^ .m ■ ' '• '• 

to >*» [m r top&tm : *m*-> in^s-W bottfihg and ■ . packaging 

bm^n-m -yc ^appiic^^ us^of Wis conteWIrs but_primariiy in 

. -^afp^^^ A significant 

exampKHSetheiuse : b^ soltidrink bottles. However, PET barrier 

s^I ^m*is ^ of oxygen sensitive drinks such 

as r4 bsm \i .two liter capi^bottle but one liter and thri^ liter 'bbttlestare also frequency: 
■M*9 ^» ^see^^ sized boftei 

m 'ff <«W^ fruit juice^ld 

■ -improv^^ cornel b^ha^i^tive impact brimeV 

m ft** *~*-hWi^ of oxy ge n ■ 

■.^^^t^^l^^iy^ iivlrigef c; sls^ ofle packaged " 

product increases, or as the size of the package decreases, at some point the 
ratio of packaging material versus package volume- betimes prohfc^ 
that occurs; the production and use of thick wailed conventional PET bottles is 
no longer economically viable as the cost of the packaging is disproportionate 
30 to the value of the packaged product The availability of beverages and food in :• 
■mm< c-jii ^^^^ ^'^ac^ag^^-an - important economic:: 
k * *- ~ 4 ccmidel^ 

events, in stadiums of arenas, and in similar situations where the amount of 

2 
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} av^ f, ^$fijuctsblW^ be transferred 

- " - f frbm a nWte^ the sale of 



^^'bevera^es'ln sir^le servd gia^s ofK^^t%orftaine?# isSpWpited at such 
*ta^ rtafeg *^issl!es^flDwdy attenlee¥aBucrf^n^. Safe 6t beverages in single serve 

One possibility for extending the economic viability of packaging oxygen 
sensitive materials in smaller or individual serving containers is to decrease the 
, thickness of the bottle wall so as tb maintain the same proportion of packaging 
10 material to package volume as would be found for larger bottles. However, 

M«w s )o afecohiiirle^ wW'tninmr^^ 

|«i\<?n-^ -swif te iri™£^paisage of ^ As 
4f*«8 ^ffrtsueW'me^shleWte be 
• firts^sgitisl^ the 
$m^m0 -oxygeWbamer character 

. som^mes 





. 'M?^ : Lfc# latera! 5 ^^ wth" 

ben&ta iq erfTbf meicoiinerl lT^««^o#^iP afl@fd4^^^i^lt^ to- eliminate 



wim the 

'.f^-- t '^&-;iri^iiii 'Vlfeift attractive oxygen barrier* and is a d'iffererit concept from 
►t3$ <o ©sei ! ':pas^ive Oxygen barriers whic^ to hermetically seaJ'a product away from 
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Vrv^-nV &mm$$$ti$m &Q^lMmm^)&$®lP a ^ layer 

u ns bpttle c wh^ In the three layer 

it; ? ; <v i^^/^fe^^t^.feHf^^^^jt^ layers are^made^of f the sar^^eneric family of 
s* ^ * ^ articles, but iri the 

i.vxssi m& ™<^i\M®#&$$&: ^m^m^^^mM #^R^t^ Pplyester layers 
;.;:. sa *!^!£9^ scavenging, 
characteristics atypical of the outer polyester layers. When the middle laver is 
very similar to the outer polyester layers, the article appears to be only a sinale 

i^iylfl^i^Hifl^WS^^r ^f^na^S^sP^flS^nKS^a^f q^Bt inta-toe^lls of a bottfe 
aiisw si3<fifq^ te ji a »^ elimination or gt,!eas^ntrcjl of the amount 

n$ m Z&'w 0 MmMm^^m^^^4mWd ^pa^age.:? Hpweye/, there are some 
viz ™&&&fa®&S^^ walls 

«wfcr«i .'<^ u i of Phg, 

that me 

«svsr refrigeratipn 

ri^jxt*^^^ transition 
Amite- ot &0&£^m&&^ °men»scaxeQging $S05fiS8&*$tt WThe preferred 
raw* gv#f / ^eji^pS^^3K^i^^^ $$8afofjHPn ^ r|pg^ <?f' : , 

'&&ifimti to •^^ e ^^^^%^Sp9^^ftsS2T feR!l^if%^l^fitof the packaged , 
*dr'*«te ch2@iP^|$3^^ within the 

met; % J9 5 - ^S^Wp^^l^N^l^i^^riiaggs^^^^ Jru: those applications rfeguiring clarity, the 
m:: of PET. 

Finally, the preferred thin walledjbj^^h^ with other 

polyester bottles, in order to be meaningful, the recycling must be conducted 
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v - .v 5 ?r&Mhntetoiimfr& tot r^y*sp6ciabph^jmlsProcessing such^delamination or 
vt. ;-;r. :ta v.-^thb^wlStf^any speaakchettical processing s^ What 
,.. ~isneidedrare;i^^ production of 

^Wff *A saW compositions and me^s packaging articles 

et srtisWJl e^sdlas to satisfyiafctheden^^ fV «,,^ f . ,• *; , 

vU S ^ f b^r pc ^njumbe^ oxygen barrier and/or 
im^^j 'Scavenging bo^vyaljs* Sqme a aRPjoac^es^aye involved. % incorporation of 

kSz h these systems 

^MmcvW gha^nun^^ poo| ; p|ocessing 3 properties, 

m «nstrf$c%^ numerous 

t^rfefi these have at 

m-bste^*$to^^ ,ack of 

t*»«b 4» ^rejiyia^^ thin v^ied 

fm 0 ®^ continued to 

WW b«|Mj^ a>mnpc^ir^rest 



ihe range of utility fdr PET bottles is 

g? substehcos^'ihtb- PET: Such 
mxm**mt-, inc^olalftfh tfouiditfcre^^ bamer properties of-the modified PET 

^f*w^^ be- ideal ;? for smaller -containers, 



fv-y^swiw»i ^peilpif^ie^ increasing 
;:tif^jj» $ *Ie %xygWbWer ^po^erties VPiT* must* bev^bnle^witiio^t sacrificing; tile; 
■■Jf ■ ai^ilignffea^ P€T0^or the purposes* Of this invention tiie 

i@V)#i ^cll la a ^uii^feki©^ ^rbjp^rties rbf PET iri'cJQde^(1 ) tmnsl|>iari9riicV. (2) rigidity; (3) 




ianrier properties, (4) recycle 



y? (5) ?re 



#yfe,4 teril vbi cost; and : (6) a long history Of experience and use in the packaging industiy. 

i^&t&s -Q^'sjjfejfi^ oxygen scavenging 

ma* fes&ad cmay'p^esst^^ thatt only; smaflc amounts of 

mbs £'ri£r$iffi Logic dictated that 

rtumu ii'^ ^ ^ impact on the 



x WO 98/12244*? 



Pef/US97/i6712 



' - eidisteht salient 0 features 3 of y packaging polyesters*, However, other 
■ 5 ^orisidera addition tosoxygen scavenging capacity 

uh ■., v.y ^ % g ^^^ ^^g^^S^ clarity, processability, recycling, etc. Secondly, it 
^■^^ the more 

. 5 promising scavengings 

>.« ;:-,-i-rvo ^?^v*?.^jj5Jjgfeji f ^fe^bie^toH satisfy" bbth >6f ! these considerations . ,by 
y^ioliinf OL ; m^®jmmmm& copoiyiheFoe compositions comprising 

of oxygen 




. KMnajitta *ae$|8jffi^^ the degree 

. a ere* 

te ^. ra? cfmprise^ 



* :tB Wv& copolymer. #of^iiir^ii^ plre^omihan^ 

. Sinct^cSpol^ 
7; : i^segmj^tM^ similar to those . 

the- oxygen 

■ ,v>§!«abjye:^ 

. : utmmm* W^0^^>m^^^^^^^^ S^ing ' put ^ this ■ 

:>> ,te.mperajiyres^be^ IIM^^^^-^^^P' 

■ : ^mmi rr to mat have 

• totaQtt&eefe commercial oxygenisca venging capacfty^at ^jj^^^^rat^ in the range .•• 
,|hlp&fc /^gofia^ are c6n^}.r^ ; ' 

itM^.^Msnila^ the 
&:<#^^'S*stof&N^ ^are^suitablesidK recyctef\wi^tconyenfonal polyester bottles froWi 
imusm^m : ^omersources:andlwim no-rieed for spectaJ. processing: rAppiicants have. 'also ' 
r* '^<f^: v devised memods for makmgime novelicopolym for their use in 
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.;;> -n-A s^rchrofnprior; ^rt*^ tui^^^iiim^ ri ^^^^ references. 
Among these ^references' are^Ui^ Pafeht^W^im^^^i7, 5,21 1 ,875, 
5i346.644i.awl 5;350,622. (SF^r^ of poly(1,2- 



fit 



■I- 



'vt.-..t 



i'.'-.'r ' . 



L' '"a 



V s :-t8r./y:^V:b^.dienes):\as an 1 oxygen: scavenger? But there is no disclosure of the 
*r-«ix^ 5-i cj3mpositic^siof,tKis inven^nihbrfiiHy re to disperse 

^2L v c'--?r. vr.^thM.p^eilisscavengiiig'. c#ati^in'-lPiKi$i^^%% ; i^^f and 'certainly/ 
*b ^ litter s,;:nothing^ system: 
.as **ns Furthermore^ thw additiom^pe^pp^ oxygen 

at sr 

c RQlyme^.as3it£excludes':m posstblifty '^^SSSM^6fW^^ffms^i: »ntp 
wntteti (? 3 -rigjd^p^^gjngvarti^ It is well 

: -^fetasfe- iins^ff^ ^tfia^^fo^^gt^ss, transition 

ft fe#i3^5d^ isnn?a^ass^bl^s6lid%taie%fi 

hv m»p of ..n*iPiw *~k t fs jn f *h» art that the 

transition 




jcprpiiihry^employe^ tKts^is'a severe lifnitiitBn1o%e Speer; et. 




H '/g '^MfSHSQ} terj^raftire 



ere? o^vgen/ 



^^ c ^^^sS^P^^^^'^ abby&tthe 



W s ufi|ity pf d*e 



^ : ^B&$m ■ ^Iyw#psys1^nt dr^ii#ftefes^ 6m^0it^M'- . ■ ■ , $w0f* 

<&ti ^imtvmtm^ irfgeneral, nprt^' 

-Sig^io^-m^ resin or 

. - o -,, .u\ :-L incorpwa^^ a cpmponen 

butadiene 1 based 



to--/- 



srtt-/"i 



••Abetiv ftw c^pGryjije^s^ fflffih) geiMalpi^dap^afee^^ 59196323 

:: phe^iantist^^ 
wimWnt ^oyrtiggrt hy^rege^atese^te elimin^br af le^ 




: in the butadiene. As will 



is related to the 



0 £ 1t w sjr f ®E!pg«<»^^ in a 

2 7 
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• , a ',&im b^S^f^hiM^miiT^ ;i^f9genati9mQ of oithe /unsaturation in the 

^; vq i ^ a T* h V4<^ impotent in terms 

JB* *& absence of hydrogenation of 

G^Kisib &.$8$t)^ oBfois^invenHbnm an important 

» > - d ^ nrt 9n ^ patent document 59193927 

ri-gyy.n ^c^'H 8 ^ polyester un^e^ action, 

m^ya wm$>§- s ?*te$hiiWmb§r nc5^,??29s riisdoSeso.-the r use of -PET-maleated 



of rnany«example^^for 

.19 -.yttfap sfl!ft!P3Mhft'eO!^ barters 
osra sism^Q^^i^^n^tog p!a|ejgts- ^^uc^a^dispension^^ld necessarily be 



f^frwnTO- 50 microns 
■« ^fi^^Wj »PiS!*W iV^tnate disclose 

m um tt* ^.?f .^:iili€»#lfjn^ the Active 




r with PET as a hucleant for PET 

#4973)8»cloies 



<- ^t 4 tei^ne?Wi'IS? j^SKfl&tPt&i 



^i?*»afN — 



has 



. . effic^ 5 f^s£lidj£teje^^ 

*2i ' 



&r<&BrnH?$^d?^^ In^ series 



that can absorb 
glass transition 
in the Walls of plastic 
"^filrhs,cups; 





^ ^ ^ib'^idm^m^ their glass 



:# hs er^j^f^pn^mpej 



of 

ISS 

segments with a 
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.3$ *o hmwz. sufficient anidunticdfs to -achieve the oxygen 

scavenging, capacity required;^ Twa^**^' i^?*? ; >xV 



•tB*» '« a«liVkAls^*di$d^ oxygen scavenging 

.abewr x> A copolycondensatesi ' In a preferred enfcddimeht, the cbpolycohdensates are 

oligomer w^h^^ capable of 

entering into polycondensations. ' ' T 

...^ .... • .^j^^S 1 ^^ 

packaging are disclosed in a series of embodiments wherein oxygen sensitive 

10 ' substances are packaged in a suitable article of manufacture comprising the 

' ■ '•■ * * ' copolymers described above in sufficient quantity to serve as an oxygen barrier. 



.fi-tZV'-V- 



in several embodiments of this invention plastic bottles of sufficient 
/ oxygen scavenging capacity are disclosed so as to permit bottling, 
.-r^t transportation, storage and sale of oxygen sensitive substances such as fruit 




^Sfn^yenging bottle; 

Fig. 2 is a copy of a photomicrograph at 60,000 magnification of a cross 
sectional cut of a copolymer film of this invention which shows the potyolefih 



25 Figs. 3 - 5 are graphs which show the distribution of the diameter sizes of 

the polyolefin oligomer segments of the copolymers as determined by 



fig. 

the copolycondensates of this invention at two polyolefin oligomer molecular 
30 weights versus unmodified polyester. . 
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,:x » ; J 5tvFjg. 7 i%ai;graph^M^>shtii^^^effiecfe^ofctte molecular weight of the 
polyolefin oligomer on copolymer darityi?;pfj> \fm^ffi$rmii&<: 

r ?»2 >i5 F»g. : . 8 is a graph uvvhich films 0 f the PET 

*cM*c»y»ft -ssiArrp^ 9 is £>f^Pp^^ PET. 

Ffc. 11 is a graph which compares the oxygen scavenging capacity of 
10 the copolymers of this Invention to that of a^commercially available oxygen 
scavenger system. 

,, ( . Fig. 12 is a graph which compares the oxygen scavenging caoacitv of 

me copolymers of mis invention to , that s of^ ^ 



copolymers disclosed in this 1 invention. Freauentiv ^ these DoivestPrR 
■■ i * a ^ A ^ ine^e polyesters are 



on an equimolar basis and ih the; 

substance mbrtomws aV 

depicted in Fonnula r 



10 



■ II.-.. ,■ HHQ i R2r0rH? , 



m0 

3 



.j^f"iit.-'5 i .-.-£ 1 »4 
i ft, >...,.-,! 



^, R1 in the dicarboxylic acid monomer of Formula I is often but not 
necessanly, a divalent aromatic radical which usually has one . two or three 
^ aromatic rings, which in tumm^t* ft sed or separated when. B 1 represents 

: aliphatic and alicyclic. in any possible, .combination, in the, case;* of Dolvester 

V^c^ byiflormuia- : 

mixtures thereof arid mixtures of at least one of the esDecialiv preferred siseries 

; ^^.m^ss^&^^^si^^w^^^ m 

^J|S^ alkyjen|6r ' 

substituted alkylene radical.or mixtures „ thereof. J? or . bottlina and Dackaaina 
polyesters R2 is often, but hot necessarily, a divalent C to G> alkvlene radical 
r Fpr PET. R2 is divalent 1,2-ethylene and Formula, ll. would. represent 1 2- 

dihycirbxy ethane. The preferred Formula II species are 1 2-dihvdroxv ethane 
V* 30 t^hl^rpxy prppane, 1,4-dihydroxy butane, i 
mixtures comprising at least one of the^fbur^ 
combinations with each other or .other species encomoas&e r ,„ 




^nedimethanol and 



v>in 5; aB possible 
It 
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In somewhat greater detail, me preferred polyester resins suitable for 
use in the present invention include linear polyesters of an aromatic dicarboxyiic 
acid component and a diol cbmponent. Examples of dicarboxyiic acid 
components indud^te^ 
5 acid, diphenyl ether carboxylic acid, diphenyl dicarboxyiic acid, diphehyl suifon* 
dicarboxyiic add and diphendxyethahedicarboxylic acid. Examples of dipl 
components indude ethylene glycol, trimethylene glycol, tetramethylehe glycol, 
neopentyl glycol, he^amettiylene glycol, cydohexanedimethanpl. 
focyclodecanedimeth^ ethoxy phenyl) prop^ 

10 (p-hydroxy ethoxy) diphenyl sulfone, diethylene glycol and 1,4-buter^iol, 

- - Polyesters prepared from the above components are well known in me ' 

^.,,„ k, — art? and' can be prepared via foe dicarboxyiic acid, or suitable deiavatives t such 

' terephthSlatd elastomer, ampiphouspolyestersj pblycydobexane iforS^^ 



.' • r .*:'{' i '.',' : i 



recycle PET as 



-w, uis; pcacm uivcimuii aisu coniempiates me * use'-of' 
ut the fe^d whereinT said recyde PET may airea^^n^inr 



10 MS 



es^ongmally formulated therein 



Other suitable polyester resins for use m the present invention include 
.. rM n -branded polyesters^ These branched species could be prepared using mainly 

^ w r^s>wift^p8lyols. ^ Alternatively, branched species could be prepared using 
- ^30j fcmamly^icm)n«ners together with some polyols having more than two 
,7^5 <hydf pxy groups and then polymerizing these polyols with multi-functionality acid 
^ -rmjn^ers* 1 Examples of aadsTiaving functionality greater than; two indude 
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, u - vf - ; j» rtJW'fe 8 ^^ #yrofrie8lttc#^ck*?(oi::.it^ haying 

v ? ,n r..: w, u? Especially preferred for this invention- are polyesters comprising 

.bavnch ^ repeating utiitSs s«$lllitf b y 



h W eacH^Of Formulas IV and V has a 



Wl!^ reaction 



0! , 




(W HrCarothers, 



structural 

;«t%M(0P^^ a^^piient in the 

'. '. ' ,sr .13 




%vmfl' 'ui^or^ it nfey ^ 

v ; polymers in 

im^-r *SSSk$S I ^ c li!f^te u, ^? f If (fR^tipg) imit or units in the 

# ^ ; is derived. 

a' *;ivW&UEM^^ those which . 

Carothers would have considered to be qoridensrtiqn polymersdn view 6f ttiiir i 
polymerization characteristics and the formulas of the repeating units in the 
polymers versus tho^e of the forn^ing-nTonoTners. In one aspect of this 
invention, novel. . JfJkj^ 

predominantly polyester segments of the types encompassed by Fomiujas iyS 

in the amount effective to 



10 



provide the required oxygen ( scaven^ing ; cap^city r As will be plained in 
further 6^ \^^^^0n s^|egs|f tfe conoi^n co^^ 
are in actuality oligomers of an addition'polymlr. ^ i 



.fioifeMn #ri?P!8tisJMP^ skill in 

? ^o^^n^W^feMJ^R^feP^^r *truc|ure sh^by f formula HI. As .. 
^hsmr^^fil^^A^M^&^^mf^ PJester*of afdicarboxylic ajki 

m water in 

iJ^Irv. i. . ... these instances.^. In a.similatLmannert mnlanomnnt. «f > nno ; A « k^*k Jii^i^i J 



and Formula II 



^fh hydrogen 



.. . atoms , by < 
give a 



sqsfe Jl§yi$!l^ used in 

■ ;^anBbfioT®MSt" i$88ic^^^ «,be.; 
^^m # D:^ n f ^1^^ the,^e>gs«^engWg 



It will 
snts once 
would 

m^^^^^l^WFm^F^^^ invejitfonlQlrila related manner. 
It will be appreciated by those of ordinary skill in the art that the preferred 
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•Mmm\ 



II recited 




hoi ^ 



us invention is 

■^««oflBo ff|g§^ of the 

c.^»:W*x^ 0 |^vu,^ ^j^ijw scavenging copolymers of this invention are 



, a s ^ pni- * u invention are- truer 1 00 % copol^ers. However, because of \the low weight 
mi . 4;^ fferc^agir of hydrocarbon employed, the hydrocarbon segments appear to 
exist as hydrocarbon segment areas of oxygen swvenging capacity dispel 




appropna 

bf 





necessary oxygen scavenging 



in hyd^ 




^nism of oxygen uptake 




the oxygen onto the hydrocarbon 



sesame theory purports 



s^ whichr c^^ a^fSrmed via ■ a free 




Mare more 
hydrogens 



fcwitttij three- ^hydrogens attached. 



(b^'c^ioig i ApRlirante re^ni^d^ especially 
.rtism?c& polydienes,; i^idedca po and 

«W<4t* Vo were good 

"sed as low. 

A;' to . tfrtsinj!!*?^^^ oligomers for 

memi ?d fc*J; ^ h SP®°^^!i|l ff§M»^§^^ also was 

ilfel^PW^^ these, ■ 

^^smto if^te^^fe^^W 1 high oxygen 

*toqm*<:.\ & r;^illii P ^* a,1 i^^ l ^tlf ^f^^!tef«!aWejn the form 

of Keeping the copofycondensate as si 




referred /i&the 



, 1 ^ 6.wt % based on weiqht of the eooolvcondP_n<;»tA 

on end use in 




nsates. 

terms ^wt #polyotefin 
and end 
realized 
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by using a high molecular weight polyolefin oligomer at the same wt % loading 
level. . Intuitively, it would appear (in^absence of data to the (Mntirary) that use of 
low molecular weight polyolefin oligomer segments results in a more uniform 

): Also, it would 

m 'ft 5 ic app^a^ ftat toe .use;^ would causji 

-v : v , the ^ tnan me seQnrie^tS'Obfeinid at the same 

Brt} cef/ , loading leyel 4; wjth; higher- nroteoilaf weight oligomer -s^^ The cross 

feas! to .r3JfS$9.^ 

a m <i; applications where clarity of the copolycdndensates' is a requirement. The 

a later and more extensive discussion of this .subject; it will be shown that other 

factors effect the size of the oligomer segments , in addition to molecular weight 

■£h©fsis Ot V/^-S^' asfftr®V<?i? 1*XHW>::*$** V i^*?*^ v , •,; '- 

of the oligomer. As part of that discussion, detailed cohditionswilfbe disclosed ^ 
15 for controlling the size of the oligomer segments so as to achieve the, desired 




experimentally that a preferred molecular, : Vi^^--%ln^:a^« ®8 pbiydlefih " ■' 
oligomer is in the range of about;lAP- to^aboirt J0ip6o:< v Use4of molecular 
- ; V 20 weights within this preferred range resurtsjrt; coporycondensates haviho^tll ^ 



Jesired physical and oxygen scavenging properties. Use of polyolefin oiigbmlir/f 

? > having molecular weights within the especially preferred range of A ,000 to. 3*000%* 

" 'tt&m* sir?.? ^'^^^■■W0m-9^m^ K$my*m>*. -.•,»■• A-**?** 

•XX>. results in polycondensates that not only, meet .the physical: and oxygen 

? : scavenging, requirements but also, satisfy darity,^ 

25 where clarity must be considered. ', v, ; . ; w. •.'■•: : *? > -?" 




oicygen^enging. capacity of 
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gnW ^fc**sy^^ homopolymer 

to smr f -rf; r^ a fter biaxial 

s^Ka!R-508f|l!itea fifRK^^ufeiKvi^fch,-; is:r common to ^rribst* fabrication processes 

'^^^x^^^SSlk ^-tut^p-GOpoJy(»ndensates^: ; o-Th'fev/>copo^cbridensates- as 

st*m..&X ■■ !®m%$Mm$^ rtistial Also the 

rti J^*©wfli oo^Jy<^.ei^tes^ of at test 

Ail . " _ '_ _ - .. . . . " V.'-. 



haWa^a% ofat least 70 



f. 

;^«piss|^?.o& °fi oxygen vpefc gram^ o^copo^ridensate at -ari^ienf temperatores 

it?; 

'9 




Ifca^PgWx^Wr 
25 the oxygen scavenger 
§£%M?^^ ThisabiHtir 




vwile *^rallyi^^ ^infh|^y^ri^ n sates 

***** at 

v? 18 
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PCT/U»7h5^i2 



o 



^"Wraur^rr- ^poiyconp«nsa^*,; j rwie^ ue a moiety capable 

ft v&sno . ^v^tenng linto polycondensalioni^citfon^ 

vfr«> g'inkpges whjen incofporateasinto a^pblymer^ tt^?be#«de^tp|g%at there may 
mm &m r*J&$m tl^n&two end -sites available for fanctionalizai^ ^ there is 
'teres*** iws crosslink 01^^ Where di or, 

leltfcfcNw.l ^Ml^feft^pi^Wyj isccontemplatedi generally? it wiH be muWplels of the same 

^ j U0 ^ ym ^1J|e/rpjl^^ the art wtt. 

a'jiSk t^fS^HV^wnp^N temitoa^fu^ctional groups are i : ip^ii||^)i,;^^|?^^''- > 




iPf°StfflflNs8N!!i^^ alcoho\ 

' nni v^ # ^| fev .alko^ 

>y fr^^^flfaJflj^ ^ wilfcbe obvtous thai &this step in the 

.liwS^lfle^fi^ oligomers whicn are already 

, incbrooratid«« into the oxvaem sG^ 



invention 

■■. :p^¥^ and ceffer^attractive - properties furthf* 



**'ihe chemical 



ri^jifeH^^Btefltl^ ****** ^jwift io. 
r... .^t«R«a^tocHg* "J B3*£S b« #3t&mq ww.^ 82 
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s^jeo yfaipi** *t to.*cirm^ polybutadiene 

tWBB rn^fbe only singly 
a^DGtk^Ke^^inay b^ctfonallzed "to avdegree greater than two when 

■•13>>«H^.S^^ two tormina) 

s^i i?m ^weigot^ functional 

jyd , itn^isoxy^n incorporation therein. Later, jiife '. 

Uns jbi^ noxapples«sectipnco| thi^^^m^sm&h|^ it^^-q^^B^rmr^S^i mat a true 

gwmm ?a*i<motee^ Wfihil pBp^es of ^ 



o^end^rn^s^ 

S|©J? i$ati^^e^e^ d^o^feimate^Pife : 
- .^tettls Edl^u!a®\|t^ttie BBBi?^ Fdnhlii^Hi the PBD is 

Ri s»;s»0^t€^ated«5>VVWIe Forjfrula&vi#v1^ 

sei^e^tii^ 

of Fonrmlas VI, V»MI^^^ 
' . ; 25 formation of the copolymers. As noted above, this invention could beip^cSIf ' 
with only one functional group pe^PBD or with more than two functional grc^r 
per PBD. In Formulas^ VJJ?ar£ VIII, difunctiOnality is shown but repr*»r& 
oc^O^^ 

functionally terminated specie* is unimportant to the disclosure ofmismve^rS; 

is especially preferred) 
' a,a>-pofybutanediols. 
the similarity ln^ the species represented in 

Formulas i and VI is easijy discerned. Since polycondensation Occurs by 



scavenging 



30 
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o 



ixg u>?:n s j predominantly polyester* segme^^ segments, 
to m iRpiCessiej^ 

.. :;Cs: t . gf0 ys«Mp1|^ VI for an 

oeffea? &v%neqt^!e^ 
nm^P-a -&v icoplalyteondenisat^ 

eitf ■ iste*$tK? Asaribted cpievibusiyt^ are true c^polyooridensates with the 

#9fcoife>ft.ut lc ojitnejqesireat-amoiint?OT-;tne speoes or f-ormuia-vii ror m eqiwaient amo'iinfof 

vijffi ,rtous :#ie?sp^ctesbMorn^ 

nt substitutions would be 




lis be expected that the by-products formed are sirrril^a^ 



Bormtila|l/III ar#>dis^ 



1 ^ b^substituted%^aht ^ 



^ '•-•^ I to produce 



8*P" * dinaSstr ^af3sHghtly*dlffecplnt '<j$pb>vbf<l cfbpiSl^ili^'. vSlVMSw^lprelfered^in * : this manner, a 



I? - Dns-f f condensation copolymer &$fom^^ ih !j the-' vicinity of the 

- ~$k/S& wiirbe shown lalt : * : 



t rff these, repfesenteonlys a vi^.is^ non-polyester 
B ; : . V k ;v suitable^for purposesVheniR>f just ^ invention 



«tfT -^mdpif n||d Jpfi|^ oxygen 

These techniques 




when 



\djsclosediby;the> applicants -provide e 

f& m >M .^06%t&&!^ tf&xt^jsc&ep^^x^ty mroughbut the 
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W*v i into: $mB$IWS$k£k£^ tne 
^■ztm* Wmatote&mr the prior art. 



a physical blend 
a nbn- 



tyrftl^tv ! fiyn^^'VfP 3 ^^^ when me 

}#^t^#?fl§ffy^^ with polyester 

*n? ^.^p^^S^^^^f^^l^^ ^oi^^in)ettTthe\pc^ester. thi 

\^at4ae) ;?s^yk»RO&^^s^^ extent, by" 

one Mu^e 2 ^^^^ PET typically 

noWeig^d^^ airh¥ icobalt^carP^act as" a 

to te:«a te@k^^s$§rifica^rijtcata^ of functionally 

80iroto! if designated *§s"such| may 
mi ekrow gcic#i|^j^itt^i|^Rf S&this^y&i^ as the^blendirig^hdr mixing processes at 

¥ ^4^#'^M nV %^v&iim?2 er»s b^iwl' ^j^bsi%yd Jfidf fes^cx© ad ■ s> .■ /•/••';' 

•V«im.:8©js^i*- 5*^'tbTtacEWgfa^ the d|hydro)(y: 

^oubi«q-;0? i S&fflRftfttiS^^ about i^' 

aril -to ..^ini^^^J^)^^!^|mia^£|. ^Ji^^^^^^yj^ 



in the range of 




«** «a^BB^ fe*?us^'^ to abi<?rb 

n^nowr# eaiJ S^SHs^te^p^Jiij^ 

MKftrigis sdlP^^i#wi|beAMnd^ mulple 

r»6^ gnlfeh^Peraturefeis f a^ten^ra^ use^ teWfcrature. The 



66 ©£wtobWb thickheS 
wimsaidropbiynlers. 
fusing any form of 
batch reaction 
iri the process is 
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-,*w.*o ■« noi^thajiihstead tff^li^^ arid 50 

wmsymv & mbte^f^FtfnW 




of formulas I or II 



Alternatively, the 

va ii5rnicppofycondensates can be prepa^b^ taking a ^ such as ? PET, and 



to .fconSam H^polyiieri^ it fa^ Oligomer ^ 



heating the cbmptihe^ 
^ fl j ^ extradenaheating . <ma# ^hohM|| 
&smn mm<m^^m Whbseiiof/^ina^^ilP<ln ^r^d^l this form 6f 



ofn? fc.^.'t^^i9S«heBffather than a 'simple melt Dientf ot me irtdivricluar starting components. 

*&n*x*a*4*f«^^ tfttS^jlMtti^^ making toje 

v ib ^£^<oofiOl^^ v»*'b & *t E 

s&ubroit «4 ^^f^inidiiectcp 




*U2d£ OS # jabis^a6xygeri? : 

istsu*te3%;«fi^^ pi|^d''jn^^|S|'- 



hjfep 

luotSffM Q^ygebf (or air) >fbfeief^riy?perto^ Fur 




exposure to high 



temperature in the presence of oxygen can further reduce - the oxygen 

made into a packaging article and 
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C# bna at^^ < i^$%;£^^ ^^degradation If overly 

'prior to conversion 



excessive hremature in«« n. . 



fi ^o i storing in 'art' 

^fe off toisinventton^ made by any 

■ mj : ^lixrtWl ■ Ili^iilP^e^ 6 ^^ by/ re^activ^ : extrusion a$ 

■fTJUwasv^rs??": ^!^^Ji!^^?^%?t^^S^#^^P^Q!Pe dejail 'lMi|^^ irt.inB' 
& a** : . stra W?$$&?$^$M$ S|>e^ficatfen. tj^ partuotthe reaction^ 




maintained i: urates an^ ir^it atmosphere, 



•^yspjtostbe extruder^and introduced into 



: j^y^^i^iijpP^ J^^^intr^uctioni 
15 is adjusted so as to allow sufficje nt t residencejtime /t^melfcflSel polyester and 

tm&Ss &sfr£$$$ Is'MfflslI te&npJK^a^ to produce 



r'28U^Ci 




to&vilM j^tSftSfe i^^f^S^rt^ne^eai^^ 




x#sm«»^^^(«»5KaiiiaiaitTOa(iy to^uise COTcen^on 

!^«s -«^a83»-^B§s>J^ afcftfn flatter ^fiyfe^oo \*fesa!ja& riofegiefcte • 
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m \o an^Wfe®'** 1 ^!*^^ oligomer 
oris v^o^ - fo !^ sa ?°^^ 

;1 , ytd/ tRWPPses. |ran^||tfk^oj^^ beHthoiigh^^ '^s? ^re^c^ whereby the 

no 2 .sfarrtfet&q^l^WM^toSled polyolefihoKgo^ for some of 

5 me %rmer p^estgrit the starting 

i'-o-i^r: t-«i ; \#SiNfc £^a#j€$S;°f ^ for singly and 

V >ns?5 - i : ^!^ copolymer is 
**t *c3 ma 4??M»t*l e e^siomprocess|fet^^ 




% %i^8^®M0 of.thfcsterting polyester. This <^:Be ronfrbiletl to some extent 
\f;.^ri from the 



o-r ^o ; ; ^.^^^^XiBf ^»Pnv j.Agajn.p regardless?**, the' meGhShism;^sbme of the 
• ;vv - a Sonmilasj^^ 

b*ir.» i^fe 4 jil e ll?ii"9 ■ Pply^ter ? o|ten iwitte^eiapp^iran^ 

c v soro J 9f *onginaJ;^^ I and II 

*r* tmt&M -c4<to6hjb^LM<^«^^ l&^^SB**^ As wilij be 

©is? " etgteq ■ i^W*<iN&£^$8888£^ as described 

: <i ^^i^^^^f^iww^ through^*^^ 

«jte i>. w*&?£S$9$ t Bfe WN^fe^ examples 

rivlfesnifc hSlttW^flisH^ oligomer 
segments to have.cf^ in 

is required as was 
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i^ito '• jpp^ry^dise^ desired -size and tfie 

e?r 'faiiii^ ifeactants; . and the reaction 

' ^im^im -mmi of about 250 - 280° G. with aftfeS^aaH^^re^n^^nip^ture range of 



; -»-- presented later in this 



hution 'mm^ : r 




«K$x»-92Kbe ,dPfeU8f iVyhile^ #^-arnoun 5 t^or^^ 
'^st^m^m the fciftfl^iJ^^ 



.ir^fNfc^^ 

vlf&yi§dti^^ terminated 



je of about 



-r-wekiht -range of about 



^ « ^swsWISP^W*^ fa"9^ ta#bout t$tdi30&WM wifrfWes^aJly Referred 

manufaetwrej^ie^ * | 

<4fcM$aMfcv ?i##ft»^'#r#pare^ which pellets are , 




4 . r _ 

^^ff^^ directly in 



prior to 
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W novtos;- ?.Js&)Z*,*W* pelletst maiy -be vused^ firomtcstdrage directly* ^subsequent melt 
processing steps commonly, employed Jn-< ; tbe.,«"^*^BF*gilin*lttstry such as 

extrusion, injection molding, melt 

in a vacuum 



ea jmioe. ; *pacK" ~ 
tsrr ft ( t k .extrusion>>bldw- moWing;4filmv castingr* 

■5 . ;oven?or in a desiccant wen which' is blaiiKfeted wim nitrogen. 



safe 



e=s ^©?n§lh*>^ copolymer, 
Midtttooi n^the^RQlymer cant becprodueed during the melt fabrication step' used to make 
' m ft £ fe the p^^ fabrication 

as form or 



V<&«feto ■i$m i -d$Q #s©##Wwpuld^ possible 
$ airhJ(U0tsfe fPf^iap^^ into the 

|^ B ^oiyjs^ pfM(^-/i##&^ and 

*c#tf$ ^H&i- rsub^.ueirtiy*defe il^^dl^ m'ere are 

B ; ofti^rfi.cojjsiderationspwhich .mite^ind^ih^^/<lf^bKty of iar^ejy 

r** The sizes of. 




or film; 



am 





I 



ilsoine^dligo^ distributed; 

# ippi a ^nite##referjed; bj8cause?segment5f with sdiameterssin^is^lallge' have only a 
mininaahel^o^^ 

pilfer functionally 




3, 000 will 

pjod^ee^cpp^^ pfefeh^f polyolefin v oligofner segrh^rit 



J':®m& Qte-vfom #po^p(Dnd«aisalfe haVe* an io^ygSn. absorbing 

V:^;^^^capad^sot gfctteast 0>%^ at 
temperatures in the range of from about 0 • C to about 60 0 C using the method 
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^pift^pagf^d^^ descripmin tht examples section of 

®9® tQ |jm|t the 

jtyttttjftM&.cti- flSPMJ'tli^^in^^ excessive 

5 y 

isrmftoq^ s^ntH^^staitir^ are derived; 
o:>>r^^fcp^ ^activesextrusionaands trarts^stefificatipn inevitably 

s^£sa«t^ •■@<tnlailsji^a(Bh^ 




» insertion of the 



weight 



can 



mBBn- m^^^^m^U m^funt^dfiBlfvnim^m pbfypietln^oTigomer to 
m ^t^i&exq#^<^w^^ 

od^p'^MMPpj^ process stabil^kTCl^^irl absorption 

*fc \4M5@!i^&qB!S(m ls generally 

-^Irsriri: bottles is 
te'fVpr-lrif 
" #-- Aese v 
intrinsic viscosity 

»^m*?RP#Np^ may be 

desirable to mo^j^ intrinsic 

0 m £?55uopPiPying; ^fy^ensate^ 

dianhydrides. 





y bracing 1 agents are 



th#desired 

1*. .^'!SS#fe(W.^)/'il asprefeiredirangesof^O' tte$0ti0 £PMf» Alternatively, the 
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inv^tion can - be? prepared Via direct continuous 
weigntsanflm 



to !f?^ #i! s thjssihyerjtioh iin^udelheatfistafiiiirers^earite 

5 nucleating agents, blowing agerrts (when foam ^ is heeded), fillers, 
v&£9 »*om >iQo^radatiQOia!«»lerai^ s xar^ the liket Few? if ariy*r of these typical additives 
% ^ svS t a « are?tused fo^ as will be 

/^%y§;to:tiappri^ additives 
^^^j^ I yjejd^l^dly^ 

hi ^ » rigid 

levels of 

^^^^1^ . -^gSSi^SM^P 11 *^^^^^^^ ?ag«hts such as polyolefiri^ of 

rnaKe*eeiiulatf^^ copolymers 
iiil^i*^ denSiti^sjei^^ cost: of the 

^^i^.f; conteine of this 

mmmm W instances 

very, large 



p|p©l^ s pbvjsicalsbjer^^ copolyconde|sates having very large 

-tSW i&b$£Sto e $Q r **ffl W#W&k evel¥^»mmisdble^^blendsocoutd^Be , appropriate ^r 

-fltiftM&Vlifli J? described 
r^pf^nui^bjgv^; thejcp^ 

or film 

ti&ti ^gcojistr^ irtii8fil^''l%ei#! : ' .1. 

^require special extrusion equipment, it is 
:j(1). it:creates a:structure with a relatively 
^thjc^^e>c^cfeo^ whk^yseiyes?iasfa?g^ 
c ox7genjfip^jiai 

30 polyester which has a long, history of usage and acceptance for packaging of 
consumable materials, (3) placing the cppolycondensates .of ..this invention 

' between two layers of unmodified poryester with good passive barrier properties 

imi&t&ja- M ^mms^'m imm^wmm r -- : . . .. 

isolates the, oxygen scavenging, .ropolymers from w direct contact with air. or 
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& rc ; « W layers and (4) the 



. ww K w Ay v;v, whww a ,m u<« unmoamea poiyester e of such similarity that they 

neied foi»d^u^e?6fCa tie layer of 

a? ^^/s^^'pfM most essity 

« 1 achieyed byvcoextrusjon of^etlayei; ;ofrcc^ With s the two layers of 
?. r. unmodified PET; The copdlymenis ^ similar to th§ unmodified PET 

t -am ■fmm ;*at the three; layers: uniformly aclheresto^each othefc and *fdrrt> a monolithic 
asgK c a i.Qo. ^stpjcture upon cpoljng^ ^tiefo^ However, even in 

va ;; ' ^*rtides of manufacture pfetois^inven^ Important. 

16 ■«»$, :-r^f QnNdttiojDa^non^poly^ste 

hwrtivp* liTORfP^^arneitpi^^ ^ 
a&i* ! ^fea^^cpalngiw^ 

.f-3£ ^ <^^r ^ A cpextr^sipn%^ scavenging 
s « 1£ ' f ' v - ^ P^^^JSa^^Mny^^ scavenging:' ; 

. ■ '0: '-m0^$$ PilNtePfe'^^ 

compatible. For productipfeoMilf^ nea riy as 

&M$aa& m«niPPf^^c^|derat^ may even ^ 

im tefet|d^rabj^^^ 

^Kethe 

***** For 



irr-a multi-layer 



exfimp^-art-^8^ 9bvsf 15^ M' ' op^j^ alideij^to Ihe - copolymer' ' 



'V** rSi-./ SullBg^th^r^^ -& 1J - ^ 



a catalyst when 



CO 
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ihottf 10'tb 2.000 f PPM serves ta facilitate the rate of 
rW catalysts are the multivalent' transition metals 



9&tt } csvxi unw'- > ^p<ih*i«r8*of- this invention may be used in conjunction with other 
'^^ aJ # & >oxygen rorSmW systems/ Fo> % exampie one embodiment for enhanced 



e&rtfe i; <*(» jy^^nKi^i ^asfnS of te^^none) in the 

fabricated products along with the cobbiVmers of this disclosure. Fabricated 

.feftfc raft; ^iV,m 'ci'^h'ie" h?*Htes rnntainino the rational Dhotoactive materi 



orbciucte.'sucli aV bottles, containing the optional photoactive materials as well 
10 as the copolymers of this disclosure would be exposed to UV light sufficient to 
$rtf to activate the photbal^e materials l^^^^eW^^^nbr' to use (i.e.. fHHhg 
•svtf-Acy^* ?najwith5 fruit?juicef efe^ br'ish^meht of the fabricated |fl®|£^^? Mt,R i ! -»*- 
- * ^%0g^l^^0^^l^$^^^i scavenging 

^malnal areSepk|^^^ use of the 

$~ -^.Ms' ''copolymers of this disclosure which would comprise toe packaging material, 
s&g&i ^fei^fhese additioha! oxygen^ sachet, 

electronic'. 

b^^^co^y^f. for^a^um*btf%rger> sensitive /subsjsjnc^. Jfe^ KMWjn* 
« ^ ^^Ifica^n^ma^nais might tak> toe form^ma^^ 
.€ s ffl^ i5utc^e?slops under a cut of meat or poultry. Since tfm:*mm*fer clarity 
■ te*;.Vt*< ^ngiditv oh the part of these additional internal oxygen scavengers^ it may be 



pm.Hp.^ i&^fiaWtoe copolypondensates of this invention, _-. v 

: In vet another enhanced embodiment,, toe copolymers^ot this disclosure 

iw-^IS ^^^ feite^^ ^fi^^e^bamers are 
Dresent since, the can itself is a passive oxygen banter; In. either case, the 
copolymers of this disclosure are prepared so as to comprise a thermoset resin, 
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«« sisSE^s y frffrfmihn m i n i m m^mNtmnm^m t ^t, 

. s.iaS3i n;,!^nS , lffi^.fSf^%^^4':'!^|a^^^gia^ f ,l!y blending a small a,,^^ g, a 

***** 

' - «*9 and 

om^mmv^ n^^M^^^^^^m^^W^^^^^^?^ ^^ ^ s "«tabte ; for 
recycle with other noh/estor Knttioc %..»k~..« 




oxygen scavenaina ^i^^?:^^:^/ 4 



•• • ^.- , '•':0.■• 



PET segments and is typically 96 % b y weight PET when the more pre&&j 



, ■ ..■ ■:,<;-:.■■ - -.- , — This means the 



- Or'.- ■ 
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c-: $r-su awi" 5 "artless 



Primarylsapplicatidh^dr the ^ of this 



arbdes 

— ^ ~^use for these 



■;ir" r r nu-.P wo disclpsure 

f n.wof -tf 'prlwiotisiy. recited in s&vei^i instances in>ffii#Iiscl6s1Qre¥ 

i ^fabricated; artidestoomprises the paclcigirtjEj pWperishablS foods and perishable 
^^p"? ite^^^nbn^im^ 
e& r«! f,t;fi s ipacjigirigedesOT^ such as 

.-jeavwiio r hiimjlkf4yogurt» ice creamand cheese#piepa^ and spups. 

*iaa«ti** s ^n^trproducte s^ 

■-teaasflkmeJ <iten^!such as:pre^61ced^ nnteaW and pre-cooked side dishes, ethnic offerings 
v ^-r.v^i ^suchtaslipastatand, spaghetti, sauce, condiments -'such^is^ban^cue ' sauce, 
ion m sW&N&lBp;. imustardtearidnhiayo^^ wine and 

)i imim beer^dry^foodsvsuchias^dried fruits, dried vegetables arid breakfast cereals, 
y&ngite svsrfbakedfegoods suchyias^bm snack 
w b2 : ^~ ;f ^ods spreads such as 

tl ©l^3ifeki*PJ^ jeHies, and 

■mt®.W&*i s^^sQnjngs eHheNdriecb;drI fresh:?- <^e^t$s ! ^ co|wl^ers and 

ffe^i •! packagingTmade thefefmm^canvbe •Ju^to^ehHa^ properties in 

,..&m .^imi^00^9 iciirtiatiBriatsssin^^ .its befood, 

..sm^im ebeyerages or otn^rwisei v^ 



.-n^?^:^.,.,;. • COPOLYMER PREPARATIOIf 4 . 

v the copolymers ^ref|renced in all subsequent examples, unless, 

'">•"• ' ' St£M + «SyBfP*8fel - • • • " ; 

otherwise indicated, were prepared in the manner as herein described. A ZSK- 

/ viii:^ feeder uri^ e 

K fii^^m^ fnWl#ro^ 

M '^^^ 

Mart* ^ extruded at a fe^ rate oT ab6ut a pounds per hour affording a res.dence t,me of 

^fL5^#te -ssjcitei 



T3=i welg^^ terminated 
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>o : :m were used to 

x f >^ The 

^ ; ; e^Mto v^^^ following 

r £^ r : V rm9M8neh proline ih;^ whatsoever 

art' pi ^N/^yM^feej;^^ ^ 

v - « ^ n ,^^rificatipn^ a fi|m jf) ^ 



f-n:if^tj^ii»9nt to ^afford^ §Oafil^p%ieQ^whens toe*hyd F o'xy terminated 
jstfwi 3°: f. :.Ro!ybutadie^pe ^u^at ( 2swei^ PPM of Go When the hydroxy 

fen*, om- RolybMtad|ene>was^^ ^D3#pctbate did not 

.sim.a' r^ .adv#re^y it^^^ ^at it 

fcfcte slightly 

fc*G ;A.st|si copo|yroers#y ; seyerat anal^ t0 ^ . 

tns ^nsvfc^b cpp^!yi^e.rs©p.reRaredr,by the^methb* descnliied aboW?h3cl single glass 
^oit-tran^n tempe 




20 wall embodiment In, toe^u,,,. 



o the preferredethfee layer bottle 
examples, all data relating % oxygen 



scavenging capacity was taken at either 22 'C or 60 'C. which fe beibW the 



glass transition temperature of the copolymers of this invention 



f.^isW Jslspii^fA^t^^ viscosity 

e#^: s Jfb^iT*^^ 

^% ; ;;:|^^ in 

^ps^Sl {ffifctH* ^iH^^fel J^j^ °f inherent 



eat#:<^l^ the 

: ^'^ ; S^^^^^^t#»&i^ hydroxy 

%%pff^t^^^^#ftfebr PET than 



o 



34 



f WO 98/1224* ^ 



art* r ; s th^^^ loading level, 

t-tc-ir:; v^&e iSel permeation chiNsmato^rapHy (6PG) data^taken Example's 2, 3, 6 and 7 
;,,;.^h«s (data arfeh# distribution 
<,/xCrzmj pa^apqtiri^--ta&^^,9tSlti in I V .predicted by the Mark-Houwink Equation 
-:}r.:c-- >5-.: whiclf rejajea«m^ 11V. Only formation "of a true cOp^^ via 

te\ * gd£ ^ iransesterification GOuld produce such a ' result^i for the two 

; ? \~ ; ^corrtrpl;examples afid ateojused in feeing? the copolycondenii was Shell 
^a/j&gJ3 t; £leaji^^ 

1hagnIca^on#a^^ 

rtKv, ^-^B^^m^iim^m^ fnPco^^ffi : "stelned^ OsO, which 
darkens only the potyolefin oligomer segments of the cdpo^er. The 
fl^g^;s^ oi^onWr segments are 

..|p to ##£ ;discemib,le:? -*§Bms b^trnmr, ^tsitesPs pfii •^S.'f % arstd-;..; 



INHERENT VISCOSITY SHIFT - EXAMPLES 1 TO 8 



r t r P g "g?'^ y?i-, c r«s Ismxitzz m !V%%MW ,; ■ o-q ^ INHER E NT 

Ito. , _ „.„ _ CHARACTgRgATlOM . - ' -to ttSgoirtY 

* v 1 PET (control) extrusion feedstock o 67 



r 2% HMW hydroxy PBD in PET 0.62 

ofeoylesi $?ii.-k: vd) -osfe- is^Mife ^&cg& ;.' X-'.: . 

7^ . . 2% HMW hydroxy PBD in PET* 50PPM Cobalt 0.61 

teis-vfc ^IMM^fdro^P^ 0.50 



St- 
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shown are the, distribution of polyolefin . oligomer segment sizes for the 
" ttxa 3 x condensation copolymers oft this invention. The copolymers had been stained 
>t6« s t with ps0 4 which adds color to tne unsaturated polyolefin oligomer segments 
/? -.•jjii 1- ; only, the copolyriWof Exa^le 11 vws: preparediin'the manner as described 
en Temytfco abpye. The, copolymers of Examples 9 and 10 - were prepared in a manner 
s t - similar to that described above except that the extrusterate was 20 lbs./hr for 
^ k ^ a Example 9 and 12 lbs:/hr.Tfor Examples The three examples show the effect 
on polyolefin oligomer segment size distribution at thfe@"differerif PET extrusion 

PET 

> ' /5vWrV:nv>;,' '--x - i.Jn*.'Kg%- i*"Jtygi:o nwsity^ic-q Sf.t */fno . f <K>$t*!;**rt» ■ 



yfc*«v» e» ? nc r; s For^each of the,copolymers:of Examples 9 - 11, sixteen photomicrograph 
plates at 60,000 magnification were prepared similar to; the partiil pjate ot ^ig. 
15 2. Fig. 2 shows a crqs| section cut of a film of copolymer prepared J^ehti<^lly: 

W^SlS ^J^^^^m^Mi^^ Exampies.9/ Id; arid ll; 
(which were also cross sections of sheets as In Fig. 2) Were then subjected to 
■ j ISiilSin . automated pr^cesiS^^^st' elated an : avera^^fei^I^:^h? 
;.. m^f&gment in each l ^ S aWS^iSsequently calculatetln average cross 
20 sectional area for each segment in the plate on the assumption that each 
t segment approximated a ctrcie. The process also collected the segments of 
mo similar size into groups clvenngT^^ 



t& 0 numbekoj segn^ Wave length 

J ^exponential disptey of se^ 

j. shows average diameter size (by groups) of the polyolefin segments in 

S nanometers (nm, 1x10? meters). One nm is equal to about 10 Angstrom units, 

• f. v» eg.. 30<3Nhfn;^^ 
^r^5nsho^ 

30 -sonants ^^.^^^ in each group) per frame It b 
convenient to characterize segment size distributions using such bar graphs 

invention, when the sum of the length of all the bars at 300 nm or less exceeds 

36 



.- : 50 % of ithe-sum of the total c of all bars* the segment size distribution is 
, . , considered, to*^ As 
~ ... ._..,>. previously disclosed, it is preferred that the; polyolefin segment size* distribution 
r r be predorrurra^ under 3000i Angstroms units when clarity 

, , . : 5 ... is an important property required of the copolymers of this invention. Generally, 
segment sizes larger than about 1 ,500 nm would not scatter significantly visible 
light (i.e., interfere with clarity) and were ignored in the above considerations 
and calculations. ■ . . " ... w „„ ■ ■ «•'.-. ;/ ■IJ*- 

■H^Mm &>:;r&*6& ^^^^Ihesf examples , m ore favbrabledistrib^^ 

10 copolymer polyolefin oligomer segment sizes (i.e.. predominantly smaller 



w „ —wtobe 

in the range of about 400 nm to about 800 nm) occurs at the lower extruder 
throughput rates. Based on these results a similar effect would be expected for 

the higher molecular weight hydroxy terminated PBD YMW about 2800) i e 

* *v. v 'if %#«?^iamfe^3 ^* sfefe: agenda? "^le^^^T.T^rv-.? • 

is slower throughput rate (longer residence time) would produce more favorable 

• polyolefih oligomer segment diameter size distributions with predominately 



.^^ISt)^^tfe§5#xy9«» seavihgingseap*^ of this 1 



-miJ^^fe^^fe^Ai^f' Rgfebp^^AJso^rEx^p^ ^1^|r|pof. 
25 copolymer film were placed in contact with 500 cc of air and the percent oxygen 
in the air was monitored with a Mocon HS750 analyzer unit over a period of 

' * : • " ^m®mmWt.immB- ■ ; - 

days at 22 °C. For Example 13. all parameters were the same as for Example 

m& t*tik M bmn tfmw:nmikmsfh\ sfclJ to n^m^ioafio - ■ ;■■:■•>:?. : 

12 except that the test was run at 60 °C. Example 14 was the same as 

ie* ?immtititl'»fif'm Ab&taste 1o e*jc€** «r#» - 

Example 12 except the PBD MW was about 2800. Example 15 was the, same 

30 as Example 14 except that the test was run at 60 °C. As can be seen from the 

fc.izm MoHlo 8rft^«sJ"9V«w suchsv vst lrfs»- ^ ^a.v^"iWB im^^n;^- 

graph in Figure 6, the 2800 MW PBD is a much more effective oxygen 

scavenger than the 1230 MW PBO at an ambient temperature, of .22 °C even 

37 



though both examples were at the A % PBD level. The aegree of biaxial 
uck k gxampies^^to 15 wa*an r elo%a1io^of the sheets 

?A 43%^ axis jn Fig> 

from the 2.5 

tlrtgiafa^Bfeb te#*^axi£ii^f ig^2)^t^ ih 

.^tt^fSjftrife^^ 4 0 biaxial 

sis;?.* '^?r orientation*!©^ j.vr. r.~*i v w.. ~.3~>? fc»vii}<; rii isw^ sa-sfe ?nefn|f»g ' 

A,so shown In P'gure 6 are data for a control sample consisting of 25 
grams of unmodified PET in the form of pulverized peFets^m^ »c. 
kip^jThd unmodified *RE*^cbTW Icavenging capacity 

Sterns ^^afeoeve'r^t-60>?C?s^s' •■ imwMti - ^Is^fei • "^mvtoosa ■ m: ,\ 

EXAMPLES 16 and 1,7 

■'sb^'feiv w^n arit'fc j-thxo u'/n U/cds ai-win til& 'm:-m a &&tm.&a:.s\- ' •. .'.•> 

In addition to oxygen scavenging capacity, at room temperature, the PBD 

molecular weight also has an effect on the absolute transparency/a aritv of the 

15 copolymers Figure 7 shows data for Examples 16 and 17. Example 16 was a 

t^isaovsl sv^j-smifpiii »w't#* «wi*fei&KH- ; 5H^*tf£ fea^mri^^w&^^ ^-^r"-^ ; 
2 mil thickness biaxiaily oriented (2.5 x 4 0 biaxial orientation) sheet of 

copolymer comprising of PET and 4 % PBD of 2800 molecular waiohr 
Example 17 was the same as Example 16 except that the PBD molecular 
weigtywas 123Q V 

m was^fenhance^ 5 dality^fpT th§ lower ■ 

migfzp &BBD53 sfR- bsa its as r?JN?' J&&trs$? fit s-? fi?w :ist2T<(«ao3 ss 

.-. to s:'i&vci. fifty --©iD/vsio© ^1j8R.fi0Q^ji.^K.lM^|ncm-lM^ -«5&.«v.j tk 

* EXAMPLES 18 and 19L. 

i^q&&x$ sstas «i«ittMft^4ib;&.itygiiMei so-? .0° ; ; ;S 

: " . ; eianty of me copolymers of this invention when used in film sheets was 

mmm. *fl*JC#EMMa ^ «tft • left-- fefltow* • •••• 

also affected by the degree of orientation imparted to the film sheets Data for 

30 Examples .18 and 19 are shown in Figure 6. The clarity measurements in terms 

of percent transmission of light for various wave lengths of light energy were 



?;3V098tt224%s 



wZ-rt »3 ; :4iwt?% r RBDisegmentS'btf H23^^l^ia^#^hfi d ^tH^l^ilPfor Example ,18 

irepared iderttiSily' to the copolymer 
in Fig. 2. Example 1 9 Was identical 



was totally unoriented. Example 18 was prepared ideriticaily to the copolymer 




!: ■ ■ "' "clarity particularly in the 400 .ft^JOOjm i.ttfiSNfl^SPHMht A complete 
v> • explanation and accounting for ; the reasons tha^>j^k|tap^^it^^..was 

■' "I " more transparent than unoriented film.is difficult in that there are a number of 

<«t • ^ixev&i^».--ies^ • ,mmtii . . ■ ■ ■ - ? .• 

^^^ ^c6mpeting factors involved. The cross sectional diameters ^,me } polyblefih 

segments increases along both the x and y axes (see Fig. 2) but the cross 



"ihai size in the direction of the z axis, which is also the. direction of light 

. • %m esa .ma* $m & *m ^m.K&mv- • ■ ;• - - --. 

" tv travel, actually decreases from the biaxial stretch. rt is beiieved by applicants 

' ■ ^ that this dimihishrnent of the sm^-0SSS^^^^^I^^ Hght travel 
' • • '^is shifts, the segment size distnbution . even more., predominately; under 3000 
■ "Angstrom Units: It is further believed that the larger . size- ;of» me segment 



&&*&m m feQ!an^of<me><&o^ 
a •'Htydf* bioitiejWnstrilcl^ 
^ r compared to unmodified polyester. Exaniple^f [OT^^^Sfiovfe 



'■ '• Lf measurements in^.. K ™« 




rwaVajl^igms 



25 



^^lft^U^l^ n l^t fi »m|(?5%^#iaxpl oh^htatidn) 
m: m.^^^^^^^:^^^ ^poj^fp^v^bie light 



le clarity of the 
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5 . dram f^^ ce ?^ e fte at which oxygen was scavenged. M ^ 
associated with Examples 23 to 26" ar» n»clntow ;« t^ui^ o 1_ . . 




2$ ■ 4NftJ&ttltl 




- - - - -rr7»!* appears to barely make 
ni, out tne v^iye was about the same' as that found- at 



m . 



40 



. rris . , n ar t5 : ,(1§0 & P£M cc^att) ! are.^ iinprbvement by^adding' cobalt was not 

rite fm to - (ffe fli i |y ^ ^ copolymer 
/at|6©!aeven«withoute^ few^q «-.u-fc ^'i^Hop pxi-«v .• »... 

tS elqmaxi* *s ^iFipre % ifNM&ltfmW to Examples 

*ki "£ ^r23^#i#faPcy'lm^^ °!* .Xr : , K f 



tea, .gj^m^ T?i JtSSt^^ ffi^K?^ rivstf fm©^23 f ^E)€ 2^'EXf25. EX. 26 



RATURE, *0* ? Uc "' } mt^.'^P*- «^2 V t5 -~ ! v^o*' 

m^ bm* mM^A^^mNW^'^ ffmm$^ 949 r J *3!if 
to saBE^-em©!^' ^ v' £20:3 - ^ -7.41 « 2%9 : 



60 
20.9 



8.02 °5.84 



0.478 
0.06: 



, ' si ypaSMi: ; fo<S^o^ 2^#3<^ ^ipllpa •irf^^cai^.fbm?a|§f 

! « Si v ivis* ^referred tocas^e earriaud M The' CMB oxygen 

mm l^s^^ 4 % of 

. ttomt&m^^ ttftiWr- add. TWs 




f515lliscloses 



W^ietea "i«mpi^9>as prepared 
wefgnY ^eifeln1 F PET and also 



? wg»a2244 



v.,: * c»ntajning^0OiRPM cobalt whlel* is; a ^pref^^wethd^b^e according to 
& v <-. <•••->;• y ? S^?atent:5^1^5^ ; T3iis eMB;:pblymef blend was teste* Jo> oxygen uptake 

^ tv g~ i> c^ # ^ Q f air with 

5 periodic monitoring of the 

t-^^^ Example 2^ 

was tested at 22 °G. When the caU^^^^^ 2f ^ 

oxygen scavenging capa^of 0.41 cc of oxygen per gram of ccWlyrn^ af 22! 
°C in the absence of icoBat 5 Example 28 was the same as Example 27 except' 

29 and 30 Were 




f* 29^8 tested/or oxygjn uptake at 22 *C arKfc&^*30^ 
~ . "^ejexamples using^copblymers of »h's invfcnti^^ 
A.- 5 t fe* ne BEfT/MXD^csystem which had s *00^^ 

effective oxygen scavenging PBD molecalar^igTfl^^ 

to 15in;(iid .61 forme copojyiTO^ In sprte^f 




^which j^red the PET/Mp^y!^ 

*m fft. ..^^in terms ^^K^^ftM^feh|||^ 

sif 



EXAMPLES 31 and 32 



€:9 



unexpected and surprising results 

fli terwcsS ^ ej^cy /of^^ 



ejtff 



oxygen 



MftjwifipM^^ sarhp&y 



i^ssq ^^ W l ^ which w^s 
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^mm^. T tiHtp^fdi fbr^feoW*^in1$e%'^ Example 32. 

3vs' f ^H^#irete separate wW6f faen\ica\ s^mpleij c^n^^iof'^$iH^^>f a copolymer 



b tft ^ofthis in^ntran ^ % PBD (MW 



ima awt ?atiOQt^230) segirohte. ?of%^^ 

yfisno&n-.r" tmn&&^^ iS^ranfof copolymer 

cini avorpcafbraed-O^rains of qltgfoi^c^^^ 31 and 32 

,£sm?%^;?q<wefe? and then 

il .-..jgaj»ve3 ?- maintarriedlat # W C^^ time the percent oxygen 

" " iq ,^vtrif^ 

HS750 analyzer unit and periodically recorded. The results are shown in Fig. 
12. The same amount (weight) of hydroxy terminated PBD wasnSramaiically 
more effective as an oxygen scavenger after it was converted to segments of a 
^ r copolymer than when used as a viscous fluid. This was unrefutable evidence 
15 , which showed that incorporation of the hydroxy terminated PBD into a 
copojyester yielded a useful composition and provided a very effective medium 
which enhanced the oxygen scavenging ability of the hydroxy terminated 



- : poiyolefin oligomer substantially beyond its capacity as commercially available: 
In Fig 6 it was noted that PET had absolutely no oxygen scavenging capacity 

20 whatsoever Example 31 demonstrated that the hydroxy terminated PBD was a 
poor oxygen scavenger when used as commercially available. Thus, neither of 
the twcT starting materials; PET and hydroxy terminated PBD, were potent- 
scaverijging substances. However, when the two starting materials were 
formulated into the copolymers of this invention, the result .Was- J;'^tru^ 

25 outstanding composition capable of scavenging oxygen at capacities and rates 
required for commercial application. Regardless of the reason for such 
behavior of the starting materials, the full thermodynamic oxygen scavenging 
% : potential of the oiigomeric PBD was realized only after it was made into a 
copolycondensate of this invention. 

30 Examples 1 to 32 above illustrate the improved properties of the 

compositions disclosed, methods of preparing the compositions, and utility of 
the compositions and are not intended to limit the scope of the invention as 
defined herein, tt will be understood by those of ordinary skill in the art that the 



mm?^m of packaging 

-^.#^ s » ?<?IR^^n?b#feb (MRfefe <Mis?V§y^^ H^P!T^psitiqn t layer 

OS'S ■# t$^^$$r^ 
Or ;S£" ^m^^ JSlfe^^ have beeh 

i^ioqoo fc^kf^ functionally 

j»* te?T,^fe 

.wH si nw£#3. tpu^; rrft -.S^toroo^i t^tb^h^? tons'lfpu t^sto- C ; tt^H; ; : • 
:&d?£$h\m &&toiwiuv vm-gitfT .i&jfi &m&m s£ ^Sfj. ri^ifc rH#i; : :?f m$yq£fo". , .. ; 
crp&i ""*.i~3\r*. ^ m*-ay£o &-ri vj-v-i**** r - -c^n^' ^ 

hrtf '^Jtaafejio te^fs^paa- $r$^&*m?& % noilSee^ii^ ^&^s^*Jc». 

'to '«tnsjj./s <S- tofic^n^ fen .^r* &m wdaiatocnrnw f«tr % • 
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Polycondensatiorf copolymers capable of absorbing oxygen in the 



5 solid state at 



predominantly polye^e^^segjrr^ amount of 

poiyotefin oligomer segments. 



2. The copolymers of Claim 1 wherein the poiyotefin oligomer is 
• from ; " ; the group consisting of polypropylene. poly(4-methyl)1-pentene, 

10 polybiitadiene, arid mixtures "%' v^«wi 

• . K .j. .... .. ■ i^^ii^^ [ ^jt.^ ^- ' • >;v : ;-':'":S 

3. The copolymers of Claim ! wherein the poryoiefin oligomer comprises 
polybutadiene. 

4. The copolymers „pf/Claim, 1„ wherein,the-moleculac,weight of the 
polyotefiholigbmei^^ 

15 '5. The, copoto 

poiyotefin oligomer is in the range of about 1,000 to about 3,'000j> 3 

6. The copolymers, of CJaimXwherein,the t polyolefin-oiigomer segments 

. ' x.'4t0*biaxial orie^ation ■ 
% that of similarly opeht^^ 

polyester from which ^ segments were derived, and whefeirr-saidi 




8. The cbf^l^ers of Claim 1 wherein the pplyolefin oligomer segmfehts 



" s 1 9. The copolymers of Claim 1 wherein jbe pplyolefin oligomei 
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10; The OTiJg^gijs of Claim 1 wherein the polyester segments 
comprise repeating units selected from the groop consisting of those 
encompassed I by Formula IV and Formula V and ^herefi^h in each of Formulas 

/^•s.icfpc^ ??-£&&&iti .<«?^ng* *?»t§; wstfsd vsri&^ymrj *& .• c ■.. 

Formula V f »?'. "j^^*<^®^-»8ny3b^> ;34^!*^>^y&; •- Cj? • 

I -G-jh I H-c-cHCH^-ol 

11. The copolymers of Claim 1 which, in the solid state at ambient 

«* * '^rnl^^ 



gfnwnffss' iaroo 



ror preparing polycpndensation copolymers -capable of 
e s 61 " state at temperatures below their glass transitibh 
temperature comprising predominantly polyester letmenf 3 ^ an oxygen 

Gc^priihg^thi : s^p^of : ^ ■ 7 

• We* ni^dv; fens' M^M-MWi ^skt^-'-^^^'^^- Itefcto? moat it^a^vfes?-: . ; . 

transition metal carboxylate via an " * ** 

vv\, v ^..;.:\. •■extruder;- . . 

mixing zone via an inlet port at a rate sufficient to impart oxygen scavenging 
poryconderisatioh reactions; 



—mixing zone 
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:e, and the polyolefin 




in the mixing zone, sufficient to melt the polyester and cause rtr to react with the 



a. . 



5 ^ t ^ xtttia ^§0^^m^f^jm^^^ 

Me) conveying the .copolymer to Jljje^extnjder -exit die opening and 
extruding the copolymer .therefrom..^ .1- Sn ,, - n 

^ ^-..jyjjjjs -flS.v.Tbe^n^thojlp^^ polyolefin 'oligomer rarnprises 

16. The method of Claim 13 wherein the. terminal end 

' . molecular weight in^feS^^ - 



- - • oligomer has a 



.to- aim .^hf 
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^ortier comprises 

~ wt % of the mature in the extruder. 



25 mixing zone* is maintained in the range of about 250 °C to about 280 *?C and the ; 

^ s of-about^to about 5 minutes. 




noe**! ^ 1 ^ W0 %. CT Tn¥ method of Claim 13 wherein the extruder further comprises a 
vacuum zone between the mixing zone and the exit die and the copolymer is 



zone ' mereoy removing any volatile 



85V 
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ssmij .«Ht«Hto* introduced into^erextrodee^^ 

edf i$w <;lnstead?of wHh tt^^ly^tetJsfn p: i?«*br?W« .tKU&grtfcfflt &r{M " 
; sib »^5?1W«i^« 

segments derived from me 9^»^telgfli^*'. ■ " 
Ttte method of Claim 25 wherein the functionally .terminated 



ited polybutadiene having: a molecular 
iQ weignt in the range of about 1,000 to about 3,000 deployed In the range/bf: 
&^tmo i^ab^ut^awt:^ m abouti 8^%fl>fkthe^ 

trartsesterification catalyst is cobalt octoate deployed^ m^rfngf of abo|t 101a 

15 degradation which comprises packaging said oxy^^^^S^^sit 



20 oxygen uptake. . 7\' V T:.'' ; 



UV light sufficient to activate them and enhance the rate of oxvcien 

30. Oxygen barrier containers comprisinq one or more levers of th*» 

nWmjm-m swifmcpm er# ntaaSvr.ef k> torn wffTA - '^ er 5 Qltne 
25 copolymers of Claim 1. 

: copolymers of Claim 1 wherein, said Inner layer is ss 
polyester layers. 

; ^:iKtes^se^ ^ft fes® fcscs srS tots «no$ gfikim wft muw-Hsv ■• . 

titer. -%m QfaMz |fewlS n ^? ; jAS^^ ^SS^^r cwihipiris*^ 
30 oolvesterseamente derived fmmih^m^^^^^p^ : 
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33. Oxygen barrier containers comprising the copolymers of Claim 1 
blended with polycondensates. 

34. Oxygen barrier packaging materials comprising one or more layers 
of me copolymers of C laim 1. 

* 35 The packaging materials of Claim 34 wherein the copolymer 
comprises polyester segments derived from the group consisting of PEt arid 
PEN. - 
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